have developmental defects in the embryonic ureter/Malphigian tubules [19] and neuronal specification in the visual system [20] . These results indicate that in some contexts, Wg may indeed act as a diffusible morphogen.
Debate over the morphogen properties of Wg and other Wnts has been fueled by a lack of visual evidence that Wnt proteins can spread from their sites of synthesis. Tagging Wnts with fluorescent proteins has historically been challenging, as the modification typically lowers their biological activity [1] . However, this hurdle was recently overcome for Egl-20 [21] , a nematode Wnt important for specific neuroblast specification/migration and axonal guidance. CRISPR/Cas9-based tagging of Egl-20 with mNeonGreen or mYpet at its C terminus (Fig 1) resulted in a functional protein with none of the phenotypes normally associated with egl-20 mutants [21] . Live imaging in these worms demonstrated that Egl-20 forms a gradient along the anteroposterior axis, with the strongest fluorescent signal colocalizing with source cells. Fluorescence recovery after photobleaching (FRAP) experiments revealed that the Wnt fluorescent signal is dynamic and can quickly recover, on a scale of <5 minutes, indicating that Wnt spreads rapidly. Additionally, sequestering extracellular, fluorescently labeled Wnt ligands using a nanobody resulted in cell migration defects that are consistent with egl-20 loss of function, demonstrating a long-range function for Egl-20 [21] . This study provides direct evidence that some Wnt proteins have long-range signaling capabilities.
In contrast to Caenorhabditis elegans Egl-20, it appears that Wnt signaling in the crypts of the mammalian small intestine occurs over a short range [22] . In this tissue, Wnt signaling is required for the maintenance of intestine stem cells (ISCs) and proliferation of transit-amplifying cells [2, 23] . Adjacent to the ISCs, Paneth cells provide one source of Wnt ligands [2] . Wnt3 is expressed in Paneth cells, and when the endogenous gene was hemagglutinin (HA) tagged (Fig 1) , its expression pattern suggested that it signals in a juxtracrine manner [22] . Frizzled receptors may act as tethers for extracellular Wnt3, and the protein appears to spread from the Paneth cells via mitosis of ISCs [22] . In addition, the mesenchyme surrounding the crypts is a source of Wnt ligands. Two recent papers identify FoxL1 and PDGFα-positive subepithelial telocytes as an essential source of Wnt signals [24, 25] . Transcriptional profiling revealed that telocytes near different crypt zones produce different levels of Wnt. This suggests a model in which a Wnt gradient arises from different levels of transcription in Wnt-producing mesenchyme rather than long-range transport of Wnts from a single source [24] . NRT is a type II TM protein, so the C-terminal portion containing Wg will be extracellular. aa, amino acid; Egl-20, egg-laying defective-20; HA, hemagglutinin; NRT, neurotactin TM domain; TM, transmembrane; Wg, wingless; YPet, a yellow fluorescent protein derived from green fluorescent protein [29] .
https://doi.org/10.1371/journal.pgen.1008154.g001
Perhaps it is not surprising that the range of Wnt signaling varies dramatically in different contexts. Though not discussed in this article, there is also evidence that Wnts, including Wg, can move away from sites of synthesis via membrane extensions, e.g., cytonemes [26, 27] , as well as exosomes, microvesicles, and lipoproteins [28] . Whether NRT-Wg protein utilizes these mechanisms remains to be explored. Moving forward, using genome editing to fluorescently tag or membrane tether more Wnts will expand our knowledge of the systems and differentiate between contexts that require long-and short-range Wnt signals.
